The Indian Ocean basin has much to reveal in what concerns marine turtles. Its regional management units (RMUs) are still lacking molecular data to define conservation strategies and priorities. Vamizi Island is one of the best known rookeries in the north of the Mozambique Channel. A mitochondrial DNA analysis revealed 14 haplotypes for the hawksbill turtle's nesting and foraging in/near Vamizi, twelve of which were new in 2011. Though more studies inside the Channel are needed, Vamizi Island possibly contributes with hatchlings for other locations. More knowledge is important to define priorities for management units inside the Indian Ocean.
Island nesting and feeding grounds), and Mozambique (Quirimbas Archipelago) [5] [6] . Vamizi (11˚01'22.4''S, 40˚41'32.8''E) is one of the many coralline islands belonging to the Quirimbas Archipelago, exhibiting healthy and well preserved corals [7] . It is one of the north MZ well-known turtle's rookeries. But, marine turtle's conservation programs are still concentrated in the south of MZ, in detriment of central and northern parts of the coastline [8] . With such a vast coastline inside the MZC, and with 5 species nesting or feeding in the area, a greater effort to gather more data is expected. Vamizi's nesting turtle monitoring program began in 2002, and has gathered information on green [7] [9] and hawksbill reproduction parameters [7] [10] . The conservation program also provided insight on the coral richness and fishery pressures [11] that also affect turtles near the island [7] . Anthropogenic activity can also contribute to disturb turtles' nesting activity [9] and impose risks near rookeries or during oceanic migrations [6] . But, though assessments of nesting activities in beaches are important, much is still needed to understand marine turtles' dispersion patterns and behavior in the south WIO, especially in what regards Mozambique's coast [8] . This is a challenging task due to the complexity and high variability of the MZC water mechanisms [12] , but also due to the lack of understanding in what regards marine turtles' behavior in the ocean (in [13] , see question no. 2.2., one of the 20 meta questions relating to sea turtle research and conservation). Oceanic currents in the WIO indicate a complex system still difficult to unfold, but the complexity inside the MZC is also under study [14] . Inside the MZC, the water circulation is highly variable and eddy driven [12] . The MZC eddies have a strong impact on biota [12] with implications on food-webs [5] . [12] hypothesizes that "the frontal zones between mesoscale eddies, and the associated interstitial waters of the turbulence field, create pathways for biological distribution that link the shelf regions, islands and atolls of the Mozambique Channel", all explored territories by marine turtles [15] . The study of the pathways linking these areas could help to understand marine animals' use of the channel (e.g. how hawksbill adults move and forage inside the channel during the nesting season), and, by consequence, their distribution inside it.
Water movements may also have an impact on the distribution of young hatchlings [16] [17] though new insights are being given by recent studies [18] . Eddies may be too slow as effective transport vectors of young turtles (1 -2 year old), which are active (oriented) swimmers in contrast to what was believed (passive swimmers that were dragged) [18] . Due to the difficulties in marking [19] . The identification of different haplotypes by these studies, enables the definition of populations' genetic structure and phylogeography, and the comprehension of fidelity behavior to nesting and feeding grounds [20] .
Haplotypes work as "genetic tags" [21] , especially in what concerns the definition of nesting populations as management units (MUs) [1] [19] . Genetic tags can be used to understand how diversified a rookery is, and to what extent it is important to manage the area around it [21] . 
Discussion
The Cenozoic marine turtles lineage [23] endured many climate transformations [24] . Their resilience is shown by their non-extinction through the changes in two completely different oceanic systems: the Pliocene and the Pleistocene oceans [25] . From the warmer than today's Pliocene oceans to the cold global climate of the Pleistocene (with glacial and interglacial variations), one can hypothesize marine turtles being confined to southern oceans from the beginning of the Ice Age until the last maximum ice coverage episode. During the Pleistocene Epoch, climatic zones changed (northern and eastern Africa were fertile in consequence of abundant rainfall) [23] but, also, sea level may have dropped more than 100 meters [23] , due to the enormous quantities of the planet's surface water added to northern glaciers [26] , changing coastlines in various ways [27] . Oceanic currents changed [25] and so did migratory seaways [26] and nesting territories. Were southern Pleistocene oceans full of marine turtles, competing for space and food, whereas northern hemisphere oceans were depleted of these animals? Though many doubts persist, our current knowledge from oceanic changes has the advantage of corroborating [28] views about turtles' adaptation capacity during changes in sea level rise, nesting sites erosion and modification, and changes in migratory pathways. Human activities have been representing a challenge for marine turtles during the Holocene [16] . When investigators are still lacking knowledge about turtles' behavior [13] , how "strong", is "imperfect" among females [19] , and, in fact "breeding populations may encompass several proximal nesting sites" [29] . Before attaining the reproduction stage, young marine turtles of different rookeries mix in the ocean [19] [29]. But when females have to nest they choose a specific site (or nearby site)
[16] [19] . This means that on those sites a prevalent maternal inherited structure of the nesting populations and their hatchlings exists and prevails for long periods of time (if the rookery does not become extinct) [19] . The number and variety of haplotypes exhibited by a rookery is its "banner" [21] .
For Testudines, that appeared in the Late Triassic [30] , the mean microevolutionary rate for mtDNA, which is lower when compared with other vertebrates [31] , is used to build up matrilineal haplotype trees showing sequence divergence estimates in the geologic timescale [31] . Alterations on haplotype frequencies on a nesting beach are of conservation concern; but knowing the causes implies completely understanding the RMU to which that rookery belongs, which for the WIO is still difficult. This exercise can be done with the published papers about the haplotypes discovered so far (see [32] 
Connection of the WIO with the Indo-Pacific Haplotypes
The detected common haplotypes that linked the WIO with the southern Indian ocean (SEIO) are the Ei_15 haplotype, occurring in Vamizi [22] and in Southeast Asia [33] , and the EiJ4 haplotype, occurring in Vamizi [22] , in Southeast Asia [34] , and in the Pacific Ocean, Japan [35] . In the SEIO Malaysian rookeries and foraging aggregations, the 20 haplotypes described [34] reveal connections not only with the WIO, but also with the Pacific and Northeast Indian populations [34] . In fact, the haplotype phylogenetic connections made [35] postulate that hawksbill turtles suffered an expansion after the last glacial maximum, during the Pleistocene. Considering that evidence suggests a slowdown in mean microevolutionary rate for turtle mtDNA [31] [36], it is expected that the link between the actual Indian and Pacific ocean populations will be clarified, since it is preserved in the form of an ancestral identity-tag. But these are only assumptions. [35] , following [37] [38] and [39] , suggested that hawksbill and green turtles populations suffered late-Pleistocene expansions from nesting and foraging equatorial regions to higher latitudes, hypothetically due to climate and sea-level 
Connection of the WIO with the Eastern Atlantic Haplotypes
With the purpose of giving insight into population connectivity among Ascen- ern Atlantic nesting and FGs" [47] . The same study showed that Vamizi's haplotype 104 belongs to the "Indo-Pacific nesting and FGs" Clade [47] . These results corroborate [41] 's hypothesis of the Indian Ocean being the source of expansion of marine turtles. Other questions are being posed, such as: is there a connection between Indian and Atlantic Ocean basins nowadays? Are hatchlings from the north of MZC being driven by currents towards the Eastern Atlantic Ocean? Is the Indian Ocean serving as "a source of at least a small portion of hawksbill juveniles in the Atlantic basin" from locations as far as Seychelles [47] or Vamizi? Or, are these genetic connections resulting only from past migrations that, alongside with slow mtDNA mutation rates conserved Indian haplotypes in the south Atlantic populations?
We are inclined to think that the hypothesis of connections between different ocean basins nowadays is less likely; hence, the second hypothesis, i.e. past migrations and slow mutation rates, is more likely to explain the haplotype distribution [29] [31]. Like [17] emphasize, "because nesting aggregations in eastern Atlantic exhibit EATL haplotypes, the presence of this "typical" Indo-Pacific haplogroup in Atlantic areas does not necessarily mean that E. imbricata individuals are currently migrating among oceans". This discussion is used to explain the provenience of the São Tomé e Príncipe nesting and foraging hawksbill's populations [48] , since the EATL haplotype is so abundant in these rookeries, whereas it is less abundant in other Atlantic locations revealing a strong past connection with the WIO. But the connection between East Atlantic EATL and the WIO identical haplotypes will only be clarified with more studies (molecular, telemetry, nesting monitoring) in other locations, especially from the MZC [48] .
Haplotype and Nucleotide Diversities
Finally, the importance of the north MZC rookeries is emphasized by the haplo- 
Conclusion
The WIO puzzle concerning the genetic variation of hawksbill turtles and the connection with other oceans is still unsolved. More research in the Indian Ocean is demanded, to enlarge the conservation effort and to comprehend which spots must be connected in the migratory pathways of marine turtles. In what concerns the MZC particularly as a source of information to understand the mechanisms that explain current distribution of haplotypes between different ocean basins, more molecular studies will bring more certainties. The establishment of protected corridors inside the MZC is crucial, due to the connectivity that it exhibits for its biota [12] . More protected MUs in the continental shelf regions of Madagascar and Mozambique, with new monitoring programs for foraging and nesting grounds, are also needed. Mozambique is reported as having less than 10 females/year [43] , when [10] reported 34 emergences for the 2003 nesting season in Vamizi alone. This last example shows the need for more reporting, since Mozambique is thought to have a bigger population for nesting hawksbills. The fact is that it is urgent to ensure the maintenance of pristine habitats inside the MZC that nurtures a vast genetic richness, not only to recover the densities of marine turtles in these locations, but because turtles have signif- 
